Introduction
The number of amateur runners participating in marathons has increased in recent years [1, 2] . Their performance in these tests is largely dependent on three factors: maximal aerobic capacity (VO 2max ), running economy (RE) and anaerobic threshold (AT) [3, 4] .
RE represents the energy consumption necessary to run at a given speed 3 . RE can be measured by the energy cost of running (Cr), which can be calculated using di Prampero ) [5] . The value of Cr represents the energy required to transport a runner's body mass at a given running speed (in km·h -1 ). Higher RE values are associated with lower Cr values and therefore with better prospects for sustaining higher rates of speed and greater percentages of VO 2max with improved performance and reduced fatigue [6] .
Although sustaining speeds at high percentages of VO 2max can be a good race strategy, while training, marathon runners must be careful to remain below the AT (4 mmol·L -1 ), which represents the respiratory compensation point Abstract: Background: Running economy (RE), expresses the relationship between the energy cost of running (Cr) and the work performed by a runner and is an predictor of performance. Given the intense effort of marathon runners during training and competition and the dearth of studies that address performance and cytokines in this population, the objective of the current study was to investigate the relationship between RE and cytokines in marathon runners. Methods: A total of 22 recreational marathon runners were examined. Using data obtained from VO 2max assessments and sub-maximal tests, the following formula was applied to determine RE: Cr (mLO 2 
Analysis of blood samples
Each sample of peripheral blood collected was coagulated in the collection tube, and centrifugation of the supernatant was performed at 2500 rpm for 10 min to obtain serum (500 μL), which was frozen at -80°C for the subsequent determination of circulating cytokine concentrations.
Cytokines
The cytokines analyzed were IL-1β, IL-4, IL-6, IL-8, IL-10 and TNF-α. All samples were analyzed using Multiplex MILLIPLEX kits (Merck Millipore, USA) in accordance with the manufacturer's instructions.
Statistical analysis
Anthropometric, systemic and performance data are summarized through mean and standard deviation 24 hours before (baseline), immediately and 72 hours after marathon race. Differences between levels of cytokines before, immediately and 72 hours after were investigated through T-test for paired observations. Spearman's correlation analysis was used to investigate how RE (as measured by Cr) related to cytokine concentrations obtained 24 h before, immediately and 72 h after the marathon. A significance threshold of p < 0.05 was established.
Results
The studied group had the following characteristics (each expressed as the mean ± standard deviation): ages of 34.50 ± 6.70 y, weights of 75.90 ± 11.77 kg; heights of 176.81 ± 6.45 cm; BMI values of 24.17 ± 2.59; and body fat percentages of 18.66 ± 4.09%. The results of the cardiopulmonary and RE tests, as determined using RCP, the formula for Cr and runners' speeds obtained during the sixth minute of the cardiopulmonary test, are (RCP), because beyond this threshold the individual becomes exhausted within a few minutes [7] .
An important consideration in studies of performance is that physical exercise not only relates to metabolism but also triggers a vigorous inflammatory response that causes increased production of both pro-and anti-inflammatory cytokines [8, 9] . These changes become more evident as exercise intensity increases [10, 11] .
A previous study by our group demonstrated that athletes that produced higher serum inflammatory cytokine in response to exercise had significantly lower VO 2max levels, compared to athletes that showed a more equilibrated production of pro-and anti-inflammatory cytokines [12] .
The influence of the inflammatory response on RE remains unknown, therefore, the objective of this study was to evaluate if there is some relation between RE and cytokine production in amateur marathon runners.
Methods
A total of 22 male runners between 18 to 50 years of age volunteered for this study. These subjects agreed to participate as volunteers according to an informed consent form approved by the Ethics Committee of the Federal University of São Paulo [Universidade Federal de São Paulo] (UNIFESP) (no. 572/11). The exclusion criteria were: a history of cardiopulmonary disease; use of medications and the inability to complete the 2012 São Paulo International Marathon (the race from which biological materials were collected). All participants were advised to maintain their normal training routine.
Initial evaluation of subjects VȮ2 max values was determined in a treadmill test, using a gas analyser (GERAR, Fitmate ® ). Cardiopulmonary testing was performed using a ramp protocol involving a fixed slope of 1% and a load increase (of 1 km·h -1 ) each minute until the treadmill's maximum speed was reached, whereupon the incline began to be increased by 2% each minute. These tests were maximal and interrupted only by intense physical fatigue.
RE testing
At least 48 h after the initial test, the participating athletes underwent a submaximal cardiopulmonary exercise test to determine their RE. The treadmill test for RE was performed using a 1% slope. This test involved 5 min of warm-up at a speed corresponding to ventilatory threshold demonstrated that athletes with higher Cr have highest baseline levels of serum IL-6. These data mean that the most economic athlete presents lowest levels of serum IL-6 concentration at rest, noting that the relation between values of Cr and RE are inversely proportional.
IL-6 demonstrates both pro-and anti-inflammatory actions. Usually this cytokine has an anti-inflammatory profile when produced by muscles during exercise and a pro-inflammatory pattern when produced by other tissues, especially adipose. As a result, it is understood that IL-6 acts as a pro-inflammatory cytokine at baseline in this group.
The inflammatory process could be triggered by physical exercise and is extremely important considering the role of cytokines in tissue damage repair. This function occurs in an environment of balanced cytokine production [16] . Acutely strenuous exercise leads to a proinflammatory state, while regular and systemic physical training induces an anti-inflammatory state [17] .
Study of ultra-marathon runners showed that proinflammatory cytokines such as IL-6 increased in response to exercise and remain elevated at rest throughout competition. The increase occurred despite overnight recovery between competition days [18] .
Considering the finding of elevated IL-6 values and the role of this cytokine at rest, the relationship between higher values of IL-6 and lower running economy leads to the hypothesis of a physical under-recovery state by some athletes. Taking into account the stress caused by training, associated with the higher energetic cost in less economic athletes, it's possible that the period of resting may not totally compensate for the inflammatory state.
These findings demonstrate the importance of assessing athletes' inflammatory condition, due to the potential effect of these states on their performance. Sport physicians and exercise physiologists should be alerted to this factor and take account of it during their evaluations. presented in Table 1 .
Cytokines
Cytokine levels show no significant differences relative to the baseline immediately after and 72 hours after marathon race, as showed in Table 2 . There were no significant correlations between Cr and levels of the cytokines IL-1β, IL-4, IL-8, IL-10 and TNF-α before, immediately after and 72 h after the marathon (Table 3) . However, a significant positive correlation (r = 0.568, p = 0.009) between Cr and serum IL-6 concentration at baseline was observed (Figure 1 ). 
Discussion
It has been long demonstrated that exercise training induces an alteration in cytokine profile [13] [14] [15] . However, no evidence could be found in the literature of any study correlating RE to IL-6, a modulatory cytokine, in marathon runners. In the present study, it was Table 3 . Spearman correlation between Cr 6 minutes and levels of plasma cytokines in marathon runners (n = 22) immediately after and 72 h after the run. 
